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0 Radiation generator control apparatus. 



@ Apparatus for controlling operation of a number 
of radiation generator assemblies (1) comprises a 
store (7) for storing calibration values for respective 
assemblies (1). respective switches (5), a digital to 
analogue converter (D/A) (6) and control means (12). 
The switches are coupled between the radiation gen- 
erator assemblies (1 ) and D/A (6). The control means 



(12) selectively addresses the store (7) and controls 
the switches (5) such that when a switch (5) is 
closed a corresponding calibration value is supplied 
to the D/A (6) to energize the generator assembly 
(2). Such apparatus is typically for use in monitoring 
of passage of sheets such as in banknote sorting. 
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RADIATION GENERATOR CONTROL APPARATUS 



The invention relates to radiation generator 
control apparatus for controlling operation of a 
number of radiation generator assemblies, for ex- 
ample including light emitting diodes. 

In the field of sheet handling, such as banknote 
counting and sorting, it is common to monitor the 
passage of sheets by using a number of radiation 
generators such as light emitting diodes (LED) and 
associated detectors positioned on either side of 
the path of the sheets. As sheets pass between a 
diode/detector pair, the intensity of the radiation 
from the diode will be reduced and this can be 
used to provide an indication to the control system 
of the arrival of a sheet. It is important, however, 
that the intensity of radiation generated by each 
LED is closely controlled and in practice this 
means that each LED must be supplied with its 
own calibration drive current. 

In one knov/n system, a microprocessor is 
coupled with a single digital to analogue converter 
and a display driver integrated circuit to convert the 
analogue voltage from the converter to a current. 
The display driver integrated circuit has six output 
channels, each of which can supply up to 50 mA. 
Two of these channels are used to drive LEDs. As 
there are more than two LEDs the LEDs are driven 
as two series connected LED chains. Before the 
state of any sensor can be read, the microproces- 
sor has to read the appropriate calibration current 
from its memory, write this value to the selected 
LED chain, and then poll the relevant sensor re- 
ceiver or detector. The main disadvantage with this 
system is that the sensors have to be polled, giving 
a high software execution time overhead and the 
problem that not all sensors are energized simulta- 
neously making it difficult to provide microproces- 
sor interrupts upon incidence of note edges. 

In another system, the LED driver circuit con- 
sists of two digital to analogue converters driving 
two current sources (i.e. sourcing current from the 
positive supply), each of which can supply up to 
200 mA to LED anodes and 16 semiconductor 
switches to select the LED cathode lines. Only one 
LED cathode line may be selected at a time. The 
microprocessor has to read the appropriate calibra- 
tion current from its memory, write this value to the 
relevant digital to analogue converter and then se- 
lect the LED cathode line before the detector state 
may be read. Once again, this suffers from the 
problem of having to poll sensors and it is also 
difficult to provide microprocessor interrupts upon 
incidence of note edges. 

In another system, the LED driver circuit con- 
sists of 16 LED channels, each of which has its 
own D-A converter. Thus, all sensors may be ener- 
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gised simultaneously and interrupts may be gen- 
erated easily from sensor transitions. The disad- 
vantage of this system is that one D-A is needed 
for each LED and this would be costly (especially if 
5 high resolution was deemed necessary). 

JP-A-62-8580 describes a control system for 
LED's using a microcomputer in which each LED 
requires an analogue to digital converter. In IBM 
Technical Disclosure Bulletin 30(1987)Dec No. 7 an 
10 optical document sensing unit is described which 
provides a complete driving circuit for each LED. 

In accordance with the present invention, radi- 
ation generator control apparatus for controlling op- 
eration of a number of radiation generator assem- 
75 blies comprises a store for storing calibration val- 
ues for respective radiation generator assemblies, a 
respective switch coupled to each radiation gener- 
ator assembly, a digital to analogue converter con- 
nected to the output of the store and in parallel 
20 with the input to each switch and control means for 
selectively addressing the store and controlling the 
switches in sequence so that when the switch 
associated with each generator assembly is closed, 
the corresponding calibration value is supplied to 
25 the digital to analogue converter to energize the 
generator assembly. 

We have devised a new control apparatus in 
which a single digital to analogue converter is used 
for any number of generator assemblies. During 
30 normal use, each generator assembly is substan- 
tially continuously supplied with its calibration cur- 
rent and apart from the time at which the calibra- 
tion values are initially loaded into the store, no 
significant softv/are intervention is needed and the 
35 apparatus can be completely fabricated in hard- 
ware. Consequently, there is no software execution 
time overhead to enable the detectors to be read. 
Furthermore, because microprocessor interrupts 
may be easily generated on the incidence of note 
40 edges, sensors incorporated in the generator as- 
semblies can be used to detect the arrival of 
sheets easily and very accurately. This is particu- 
larly important in high speed sheet handling de- 
vices. 

45 Typically, each radiation generator assembly 

comprises a capacitor connected to the switch 
which temporarily stores a'charge corresponding to 
the voltage generated by the D/A converter. Fur- 
ther, each generator assembly will generally in- 

50 dude a radiation generator, such as a LED and a 
current sink which provides a drive current for the 
radiation generator. 

In the preferred anrangement, the apparatus 
further comprises a demultiplexer having outputs 
connected to each switch and an input connected 
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to the control means for receiving the same ad- 
dress as is supplied to the store. This simplifies the 
hardware needed to synchronize the addressing of 
the appropriate part of a store and the correspond- 
ing switch. 

An example of radiation generator control ap- 
paratus and sheet handling apparatus incorporating 
such apparatus will now be described with refer- 
ence to the accompanying drawings, in which:- 
Rgure 1 is a block diagram of the control ap- 
paratus: and. 

Rgure 2 is a schematic, partial view of sheet 
handling apparatus. 

The apparatus shown In Rgure 1 comprises a 
number of LED drive blocks of which one 1 is 
shown. Each drive block contains a light emitting 
diode 2 which, when energized, generates an infra 
red beam, the LED being connected between a 
high voltage line and a current sink 3. The drive 
block also contains a capacitor 4 and a switch 5. 
Each of the switches 5 is connected in parallel to a 
digital to analogue converter (D/A) 6 having an 
input coupled to the output of a RAM 7 by an N bit 
data line 8. The apparatus can handle up to 2" 
drive blocks and so the RAM 7 contains 2^ ad- 
dresses at which calibration values can be stored. 

Each switch 5 is connected to a respective 
output of a demultiplexer 9 to an address input port 
of which is fed an M bit address signal on a line 10 
which causes an activating signal on a line 1 1 from 
a control circuit 12 to be coupled to the respective, 
addressed output line so as to activate the appro- 
priate switch 5. The address output from the con- 
trol circuit 12 is also fed to an address selector 13 
which can be activated to pass either the address 
signal from the control circuit 12 to the RAM 7 or 
an address signal from a remote control micropro- 
cessor 14 (Rg 2). 

At start-up the control microprocessor 14 
causes appropriate calibration values to be loaded 
in the RAM 7. This is achieved by switching the 
address selector 13 to receive addresses from the 
control microprocessor 14 and for the RAM 7 to 
receive data on a data bus 15. The addresses in 
the RAM 7 are sequentially selected and at each 
address the appropriate calibration value, corre- 
sponding to a calitwation cunrent for the respective 
drive block, is loaded into the selected address. 
The calibration values are chosen so that the inten- 
sity of radiation generated by each LED is substan- 
tially the same. 

After this loading stage, the address selector 
13 is switched to receive addresses from the con- 
trol circuit 12 and the circuit 12 is then activated. 
The circuit 12 automatically cycles through all the 
RAM addresses causing data (calibration values) to 
be output to the D/A converter 6 and at the same 
time causing the appropriate switches 5 to t>e 
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activated via the demultiplexer 9. The voltage level 
from the D/A conv rter is impressed upon the 
capacitor 4 of the appropriate, selected drive block 
which retains the value until it is refreshed again. 

5 The current sink 3 converts this voltage value to an 
LED drive current. 

It Will be seen therefore that in normal opera- 
tion, the components shown in Rgure 1 can all be 
hardware components with the control circuit 12 

TO simply causing a sequence of addresses to be 
repeatedly applied to the RAM 7 and the demul- 
tiplexer 9. Each capacitor 4 retains the loaded 
voltage value for a time at least as long as the 
cycle time of the control circuit 12 so that each 

75 LED is continuously energized with its respective 
calibration current 

Rgure 2 illustrates schematically sheet han- 
dling apparatus, such as banknote sorting appara- 
tus in which sheets are fed along a conveyor 16 

20 under a pair of sensors 17, 18 connected to the 
control microprocessor 14. Under the conveyor 16 
are positioned a pair of LED drive blocks similar to 
the block 1 shown in Rgure 1 so that the detectors 
17. 18 receive radiation from the corresponding 

25 LEDs. As the leading and trailing edges of the 
sheet pass between the detectors 17. 18 and the 
corresponding LED drive blocks, the control micro- 
processor 14 is interrupted, thereby defining the 
position of the sheet in the apparatus. By monitor- 

30 ing the dimension of the sheet in this way. accept- 
able sheets can be passed across a diverter plate 
19 to a conveyor 20, If, however, the sheet dimen- 
sion is incorrect then the control microprocessor 14 
causes the diverter plate 19 to drop downwardly so 

35 as to cause the incoming sheet to drop below the 
conveyor 20 to a reject bin. 



Claims 

40 

1 . Radiation generator control apparatus for control- 
ling operation of a number of radiation generator 
assemblies (1), the apparatus comprising a store 
(7) for storing calibration values for respective radi- 
os ation generator assemblies, a respective switch (5) 

coupled to each radiation generator assembly, a 
digital to analogue converter (6) connected to the 
output of the store (7) and in parallel with the input 
to each switch (5), and control means (12) for 

50 selectively addressing the store {7) and controlling 
the switches in sequence so that when the switch 
(5) associated with each generator assembly is 
closed, the corresponding calibration value is sup- 
plied to the digital to analogue converter (6) to 

55 energize the generator assembly (1). 

2. Radiation generator control apparatus according 
to claim 1, further comprising means for loading 
calibration values into the store. 

3 
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3. Control apparatus according to claim 1 or claim 
2. in which each generator assembly (1) includes a 
capacitor (4) connected to the switch (5) which 
temporarily stores a charge corresponding to the 
voltage generated by the D/A converter (6). 5 

4. Control apparatus according to any of claims 1. 
2, and 3 in which each generator assembly (1) 
includes a radiation generator (2) and a current sink 
(3) which provides a drive current for the radiation 
generator (2). io 

5. Control apparatus according to any of claims 1. 
2, 3. 4 in which the calibration value is proportional 
to the drive current of the radiation generator (2). 

6. Control apparatus according to any of claims 1 

to 5 in which the radiation generator assemblies (1) is 
generate radiation of substantially the same inten- 
sity when energised in accordance with their cali- 
bration values. 

7. Control apparatus according to any of claims 1 

to 6, further comprising a demultiplexer (9) having 20 
outputs connected to each switch (5) and an input 
connected to the control means (12) for receiving 
the same address as is supplied to the store (7). 

8. Control apparatus according to any of the pre- 
ceding claims in which the store is a RAM (7), 25 
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